reported on the presence of a sex difference in the interphase nuclei of duodenal muscles and of both dermal and epidermal components of feathers in 3-week old chickens.
A similar situation was also observed in the chicken blastoderms and amnion cells (Ishizaki and Kosin 1960) . Ohno et al. (1960) , Moore and Hay (1961) , Azarova (1961) , Takeuchi (1963) , and Limborgh (1964) confirmed these findings for several types of tissues in mature chickens and chicken embryos.
Furthermore, Limborgh (loc. cit.) observed a sex difference in the amnion cells of duck embryos, while Amanuma and Kosin (1964) presented affirmative evidence for the corresponding tissue of turkey and Coturnix quail embryos.
The above data are contradicted by the negative results of Ashley and Theiss (1959) , Miles and Storey (1962) , and Hammar (1964) , in their attempts to detect such dimorphism in cells from chicken embryos and mature donors.
Similarly, negative evidence was reported over the years for several other avian species (Brusa 1952 , Furieri 1958 , Kang et al. 1963 as well as, again, Ashley and Theiss (loc. cit.) and Hammar (loc, cit.) .
In view of these contradictory reports, a re-examination of the question of nuclear sex difference in avian species was in order.
The results obtained and the conclusions reached in the course of the study form the subject of the present paper.
Materials and methods
The experimental material was provided by eight species of birds: chicken, Gallus 
Results
Two types of cells were prominent in the dermal portion of the growing feathers of all eight species examined in the present study ( Fig. 1) : by far the more frequently encountered type, was stellate-shaped cell with a relatively large, somewhat ellipsoid nucleus, while the other was globular-shaped, with Besides the scl body, another large round chromocenter appeared in the nuclei of both the Japanese quail and the White-crowned sparrow (Figs. 8,  9 , 16, and 17), but seldom in the nuclei of other six species.
This chromo center stained more intensely by the Feulgen procedure than the scl body. Furthermore, it was, as a rule, adjacent to the nucleous rather than to the nuclear membrane (Figs. 8 and 9 ). No sex differences in size, affinity for the Feulgen reagent and frequency of its occurrence were observed for this chromocenter.
The incidence of the scl body. Table 1 summarizes data on the occur rence of the scl body by species and sex, both in the distal and the basal regions of the feather. In all six Galliformes species, i.e., the chicken, pheasant, turkey, quail, guinea fowl, and peafowl, the incidence of nuclei carrying the scl body was consistently higher in females than in males. This was true for both regions of the feather. Thus, the averages for females and males in these six species were 65% (with the range of 44-94) vs. 25% (7-47) in the basal region and 50% (35-73) vs. 15% (5-23) in the distal, respectively. On the other hand, no significant difference in the frequency between the sexes was found in ducks and White-crowned sparrows. Within sex, the frequency was generally higher in the basal region, although the difference was statistically non-significant in male chickens and in both sexes of the turkey and the White-crowned sparrow.
As shown in Table 1 , some nuclei carried two or more sex-chromatin -like bodies. In absolute terms, the incidence of multiple scl bodies was sig nificantly higher (P<0.01) in the feathers of female chickens, pheasants, turkeys, guinea fowl, and peafowl. Generally speaking, within a species the frequency was higher in the basal than in the distal region of the feather. The pattern was less clear cut, however, when the incidence of nuclei with multiple scl bodies was related to the total frequency of scl body-carrying nuclei (i.e., those with one or more heterochromatin particles). It is seen from Table 2 that when expressed in this way , the frequency of multiple particles was significantly higher only in the females of two species, the guinea fowl and the peafowl.
The size of the scl body. The area occupied in the nucleus by the heterochromatic mass, identified as the scl body , was distinctly larger in females than in males (P<0.05-0.01).
This was true for both the distal and the Sex Dimorphism in the Growing Feathers 235 basal regions of feathers in the chicken, pheasant, turkey, and peafowl, as well as for the distal region in feathers of the Japanese quail, guinea fowl, and duck (Table 3) . The affinity of the scl body for the Feulgen reagent. Typical examples of the transmission records obtained from the cell nuclei of several species are shown in Fig. 18 . In the chicken and the pheasant, the height of the main peak, indicating the per cent transmission of the scl body, was greater in the female than in the male. Similar transmission patterns were also obtained for the turkey, the guinea fowl, and the peafowl. In the Japanese quail, the main peak was almost equal in height in both sexes. The second peak found in the female was essentially non-existent in the male. In this species, the main peak corresponded to the large chromocenter, while the second peak in the female indicated the scl body. No difference between males and females was recognized in the transmission patterns for the duck. In the White-crowned sparrow, two similar peaks appeared both in males and females, thus revealing no sexual dimorphism in the patterns. Chromatin patterns in avian nuclei vary greatly among different tissues even when the latter are subjected to the same histological procedure. Moore and Hay (1961) reported a "fairly distinct" sex difference in the nuclei of smooth muscles of the duodenum and in the nuclei of epidermal cells. This difference was not recognizable, according to them, in the nuclei of the cartilage, and of skeletal and cardiac muscles and various nerve cells. In the present study, as was pointed out earlier, the stellate cells of the pulp tissue in regenerating and/or growing feathers were suitable for demonstrating the existence of nuclear sex dimorphism in several species of Galliformes. On the other hand, another prominent cellular component of the tissue, cells with compact round nuclei, proved completely unsuitable for this purpose because of the presence of numerous, morphologically heterogeneous chromatin granules.
This, together with the fact that the ratio between the two cell types differed in the basal and the distal regions of the pulp, obviously would have confounded the results of observations on the existence of a cytologically demonstrable sex difference in interphase nuclei. Possibly, herein lies the principal reason for the failure of some investigators to observe such sex dimorphism in birds: the observational material, for one reason or another, was not appropriate for the experimental objective.
Our data also point to a possibility that the color intensity of the scl body could also serve as an index for detecting nuclear sex difference. It is worthy of note that Hammar (1964) reported a parallelism between sex and color intensity of the chromocenter not only in the Feulgen stained tissues from chicken embryos, but also in the orcein stained tissues from adult pigeons.
Comparison of chromatin patterns within cells found in the distal and basal regions of the feather pulp revealed that in the latter region (epige netically, the most immature part) a higher proportion of nuclei contained the heterochromatic mass, subsequently identified as the scl body. The latter, when found among these cells, were more conspicuous than those in the distal region. This suggests that, ontogenetically, the scl body undergoes Sex Dimorphism in the Growing Feathers 239 a continuous change: as the tissue "ages" , the heterochromatic mass be comes less prevalent and less conspicuous and , probably, less functionally significant.
On the basis of this hypothesis , one would expect the scl body to be absent in the cells of tissues which have completed their developmentally active growth cycle. Indeed, the extreme distal region of the growing feather has very few nuclei with the scl body . The final resolution of this question , however, must await further study .
Summary
The interphase nuclei of "stellate" pulp cells in the regenerating feathers of chickens, pheasants, turkeys, Japanese quail , guinea fowl, peafowl, ducks and White-crowned sparrows were examined for the existence of cytologically recognizable sex dimorphism.
The cells were fixed in Davidson's fluid and subjected to Feulgen reaction.
In all six Galliformes studied (chickens, pheasants , turkeys, guinea fowl, peafowl, and the Japanese quail), the frequency of nuclei carrying a charac teristic heterochromatin, designated the sex-chromatin-like body or the scl body, was higher in females than in males i.e., 65% vs. 25% respectively, for the basal region of the feather and 50% vs. 15% for the distal. Both the size of the scl body and its affinity for the Feulgen reagent were greater in the female.
These differences were statistically significant. In ducks and White -crowned sparrows, the frequency of the scl body, its size and affinity, although of a higher order of magnitude in females, were not significantly different from those in males.
Lack of agreement in the literature on the existence of sex dimorphism in interphase avian nuclei was discussed in the light of the above results.
